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LIQUID CO, AND ETHANOL EXTRACTION OF HOPS
PART III- EFFECT OF HOP DETERIORATION ON UTILISATION AND BEER QUALITY
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The quality of heers bittered with liquid CO, and ethanol extracts derived from fresh and deteriorated
hops and the percentage utilization of alpha-acids therefrom were comparable. The importance of
using analytical methods which measure bitterness substances per se is emphasized.
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INTRODUCTION

The quality of hop extracts derived from deteriorated hops
was established analytically and reported in the previous two
parts of this paper’>. The brewing value of liquid CO,
(LCO:,) and ethanol extracts derived from fresh and deterio-
rated hops was also assessed in pilot brewing trials, which
trials are now described.

EXPERIMENTAL

Pilot Brewery Trials

Brewing trials were carried out on the pilot scale, with all
malt wort (specific gravity 1.040). Sufficient hop pellets or
extracts to provide a concentration of 110 mg/litre of alpha-
acids (as measured by HPLC) were added to the sweet wort
and the mixture was boiled for 1 hour at atmospheric pressure
to an evaporation rate of either 6% or 12%. The wort
was pitched with 0.5 g/litre (dry weight) of Saccharomyces
cerevisine (NCYC 240) and allowed to ferment and condition
according to standard procedures®,

Analytical Methods

Analysis of hops, hop extracts, beers and worts was carried
out as described elsewhere?, Iso-alpha-acids content was
measured by an HPLC method!.

The flavour of the resulting beers was assessed using 3-
glas:j taste tests?, flavour profile and hop character profile
tests®.

*Present address: Allied Colloids, P O Box 38, Bradford, BD12
0Js.

RESULTS AND Discussion
Brewing with hop pellets and their LCO,; extracts

Copper addition based on LCV at time of use

Brewing trials were carried out using an all malt grist and
a standard brewing procedure (see Table 1V in Part I for
hop extract composition®). The results of these trials are
shown in Table I. Apparent bitterness (BU) of wort and
beer was higher when extracts of deteriorated hops were
used, due to an increase in the level of uncharacterized
resin. The use of deteriorated pellets per se also results in
apparently higher BU in the beer. The % utilizations
obtained were similar for pellets and their respective LCO,
extracts. The beers were compared using three-glass taste
testing (Table 1I). With the exception of one comparison,
differences were observed between the beers, as predicted
by the analytical data.

Copper addition based on alpha-acids content measured by
HPLC at time of use

Additional brewing trials were conducted using LCO,
extracts of fresh and of deteriorated hops and also using

TABLE II. Brewing Trial (1). Three-glass Beer
Tasting Results

Beers Tasted

Brew Numbers* Result

2 vs 1 ** Significant Difference
3 vs 1 No Significant Difference
4 vs 1 *** Significant Difference
5 vs 3 *** Significant Difference
*Sec Table 1

**two star significant difference

TABLE 1. Brewing Trials (1) - Target Hops - based on LCV

% Utilization

Hop Material Used Bitterness Units based on
Copper Beer
LCv Addition Beer at  Bottled  iso-a-acids

Type (%) LCV (mg1) Wort rack beer (mg/1) BU HPLC*
1 Extract of peliets at Receipt (P1) 49.8 110 42 27 23 24 21 22
2 Extract of 10% deteriorated pellets (P3)  45.9 110 47 30 27 27 25 25
3 Extract of 40% deteriorated pellets (P3) 38.5 110 50 30 28 28 25 25
4 Pellets with 6% deterioration (P1) 9.0 118 58 34 3 30 26 25
5 Pellets with 31% deterioration (P3) 6.7 118 59 48 39 23 3 20

*Based on copper addition in LCV
=See Table IV in Part I for extract analysis
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TABLE IIl1. Brewing Trials (2) - Target Hops - Based on HPLC
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Wort Beer Rack Beer Bottled % Utilization
Hop Material Used bitterness bitterness bitterness Based on:
Copper Addition =
a-acid a-acids (HPLC)

Type (HPLC) % mg/l BU HPLC BU HPLC BU HPLC BU HPLC
Extract of pellets at 49.6 110 48 40 32 27 29 26 26 24
Receipt (P1) 33
Extract of 46% 327 110 53 39 34 27 29 24 26 2
deteriorated pellets (P3) 31
Pellets with 46% — 110 85 M 70 27 62 27 56 25
deterioration (P3) 71

deteriorated hop pellets (see Table IIl). The beers brewed
with the two extracts were compared using a three-glass taste
testing and again some differences were found. This reflected
the slight difference in iso-alpha-acids content of the beers,
even though the bitterness units were the same. The flavour
and hop character profiles of the beers (Fig. 1) showed some
differences in bitterness and the intensity of hoppiness. The
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beer brewed using LCO, extract of the deteriorated hops
was slightly more bitter and hoppy than the control brewed
from an extract of fresh hop pellets. The analytical and taste
profile results showed that beers brewed with deteriorated
pellets were more bitter and had a greater intensity of hopp-
iness than the beer brewed with extract from fresh hops
(Fig. 2). These observations emphasise the unreliability of
relying on HPLC analysis alone for adjusting the hopping
rates once hops have deteriorated.

The components in the extract which could impart bitter-
ness to beer are the alpha-acids and some of the uncharac-
terized resin. With 46% deteriorated pellets, the ratio of
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Fic. 1. Flavour profile and hop character comparison between beers  Fic. 2. Flavour profile and hop character comparison between beers

brewed with LCO, extract of pellets at receipt P1 (control) and
B: extract of 46% deteriorated pellets P3, scale 1-5.

brewed with LCO, extract of pellets at receipt P1 (control) and
B: 46% deteriorated hops P3, scale 1-5.
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TABLE IVa. Brewing Trials with LCO, and Ethanol Hop Extracts from Deteriorated Hops

and Hop Pellets

Bitterness Units

Hop Extract from: Solvent Wort Beer Rack Beer Bottled Taste 3-glass

Bullion Cone Hops LCO, 53 29 28 NSD
E 53 36 33

Challenger Cone Hops LCO, 45 24 21 *
E 57 38 37

Northdown Cone Hops LCO, — 2 28 NSD
E — 4 38

Cold stored Yeoman Pellets LCO, 48 32 26 NSD
E 47 32 24

Ambient Stored LCO, 45 32 24 NSD

Yeoman Pellets E 49 30 25

Ambient Stored LCO, 60 30 25 NSD

Target Pellets E 69 41 38

LCO, = Liquid Carbon Dioxide; NSD = No Significant Difference; Copper Addition at 110mg LCV;

E = Ethanol; * = One Star Significant Difference

uncharacterized resin to alpha-acids is high. Addition of
those pellets to wort on the basis of their alpha-acids content,
resulted in the inclusion of a high amount of uncharacterized
resin in the boil. Analytical data (Table IIT) show that the
extra uncharacterized material added led to increased BU
values in worts and beers and in beer sensory bitterness
(Fig. 2).

None of the beers brewed with LCO, extracts and hop
pellets with different degrees of deterioration displayed off-
flavours. Differences were primarily restricted to small vari-
ations in bitterness and intensity of hoppiness. The hop
utilizations for all beers were similar when based on HPLC
determination of alpha-acids and iso-alpha-acids, but vari-
ations are obtained if bitterness units are used.

Brewing with LCO; extracts and ethanol extracts

Beers were brewed in the pilot brewery with LCO, and
ethanol extracts prepared from deteriorated hops and hop
pellets (see Tables II and III, Part I of this paper?). The
amount of LCV added to the copper was the same in all
cases. The target beer bitterness was 25 BU. For the beers
bittered with ethanol extracts from deteriorated hops, the
BU values obtained were generally higher than this, with
the exception of Yeoman pellets (see Table I'Va). The magni-
tude of differences in measured bitterness (BU) tetween the
beers tasted would normally be expected to cause a significant
difference in a 3-glass difference taste test. However, this
was not observed. Analysis showed that the iso-alpha-acids
content of the beers brewed with LCO, and ethanol extracts
from deteriorated hops was similar (Table IVD).

Wort boiling with 6% evaporation
To assess the brewing value of the LCO; extracts derived
from fresh and deteriorated hops, trials were carried out

TABLE IVb. Brewing Trials with LCO, and Ethanol Hop
Extracts

Beer Iso-alpha-Acids

Hop Extract From: Solvent BU HPLC
Cold Stored Yeoman Pellets LCO, 26 25
E 24 24
Ambient Stored Target LCO, 25 24
Pellets E 38 24

using an all malt grist and a standard brewing procedure
involving 6% evaporation in wort boiling. The alpha-acids
content of the extracts was determined by HPLC and addition
to the copper was at the normal rate of 110 mg alpha-acids
per litre of wort. The extracts used (E,, E, and E;) were
obtained from Zenith hop pellets. The analytical results
(Table V) show that the bitterness of the worts and beers
were similar for the three extracts. This was confirmed by
taste testing results, where no significant difference was rec-
orded in bitterness character. The typical loss of bitterness
during processing was observed. The alpha-acid utilization
was the same for the three brews, when based on the appar-
ent bitterness (BU) and reflected that normally obtained in
the pilot brewery. However, in the case of the extract of the
most deteriorated hop, the iso-alpha-acids content of the
beer was found to be lower. Comparison of the wort and
beer analyses (Table VI) shows them to be similar to
measurements made on control worts and beers. The three
beers were submitted to a taste panel for assessment of
flavour profile, including hop character (Fig. 3). The extracts
obtained from deteriorated hops produced more hoppy flav-
our characters as compared to beer obtained by using extract
from fresh hops.

The hop character profile test gave comparable results.
No significant differences in bitterness were observed
between the three brews. In this trial, the amount of LCO,
extract added to the copper was based only on its alpha-
acids content measured by HPLC. Since no differences in
bitterness were noted between the three beers, it is clear

TABLE V. Pilot Brewing Trials* with LCO, Extracts - 6%

Evaporation
Utilization %

Wort Beer Based on:

Iso-a-acid Iso-a-acid Iso-a-acid
Extract= BU HPLC mp/l BU HPLC mgl BU HPLC mg/l
El 46 33 k)| 29 28 26
E2 49 36 33 29 30 27
E3 43 31 30 21 27 19

*Rate of a-acid addition to copper = 6.5 g a-acid (HPLC) per 13
gal (59 litres) of wort

=Extracts E1,E2 and E3 were derived from Zenith Hops with 0,
28.3 and 45.7% deterioration, see Table III in Part II for extracts
analysis
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TABLE VI. Pilot Brewing Trials with LCO, Extracts (6% Evaporation) -

Wort and Beer Analysis

Colour TSN FAN Fermentability
Extract pH °EBC  Gravity mg/100ml mg/100ml] %
WORT
El 5.28 15.1 41.2 106.9 20.8 74.9
E2 5.19 16.8 414 96.2 16.0 733
E3 5.18 15.6 40.3 90.8 15.4 73.2
BEER
El 3.92 12.9 10.3 62.7 52 —
E2 3.95 14.3 10.9 58.1 3.9 —_
E3 3.96 14.1 10.8 57.1 3.6 _
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i HOPPINESS _& FiG. 4. Hop character comparison between beers, as in Fig 3, 12%

-1 0 +1 +2 +3 +4 -1 0 +1 +2 +3

Fi6. 3. Hop character comparison between beers brewed with O:
Extract E2 (hops 28% deterioration); B: extract E3 (hops 46%
deterioration) versus control using extract E1 (hops 0%
deterioration), 6% evaporation during boiling, scale 1-5.

that the LCO; extracts from fresh and deteriorated hops
were identical in imparting bitterness to beer. The amounts
of hop oil associated with the three extracts used were differ-
ent and were higher with those obtained from deteriorated
hops. Also survival of hop oil components seems to be greater
when 6% evaporation was used.

Wort boiling with 12% evaporation

A further brewing trial, with 12% evaporation during boil-
ing, was carried out in which the addition of the three extracts
was again based on their alpha-acid content as determined by
HPLC. Wort and beer analysis again revealed no differences
between the three brews (Table VII). The apparent bitter-

evaporation during boiling, scale 1-5.

ness units (BU) and the iso-alpha-acids content (by HPLC)
(Table VIII) show the same trends as in the previous trial.
The bitterness by HPLC was found to be slightly lower than
the BU values, because of the specificity of the HPLC

TABLE VIII. Pilot Brewing Trials with LCO, Extracts 12%

Evaporation

Utilization %
Wort Beer Based on:
Iso-a-acid Iso-a-acid Iso-a-acid

Extract BU HPLC mg1 BU HPLC mg1 BU HPLC mg/

El 47 34 3 29 28 27
E2 51 38 33 31 30 28
E3 46 33 28 27 25 A4

TABLE VII. Pilot Brewing Trials with LCO, Extracts (12% Evaporation) -

Wort and Beer Analysis

Colour TSN FAN Fermentability

Extract pH °EBC  Gravity mg/100ml mg/100mi %o
WORT

El 4.93 15.2 40.0 98.5 18.6 70.9

E2 5.01 15.6 398 102.7 18.0 71.9

E3 5.24 15.3 40.0 96.6 18.6 74.7
BEER

El 3.90 13.9 9.7 63.0 4.5 -

E2 3.86 15.3 10.2 62.4 4.3 —

E3 375 14.7 9.1 63.5 4.1 —










